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ELECTROSTATIC DISCHARGE PROTECTION DEVICE WITH 
COMPLEMENTARY DUAL DRAIN IMPLANT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to the protection of integrated circuits from electrostatic 
discharge (ESD), and more particularly to structures for the to protection from ESD by 
adding P-ESD implants and an additional N-well to the drains of an off-chip driver (OCD) 
NMOS transistor. 

2. Description of the Related Art 

The protection of integrated circuits from electrostatic discharge (ESD) has received 
a lot of attention. Many researchers in this field have proposed solutions to protect 
submicron devices without requiring any increase of silicon real estate. FIG. 1a depicts a 
cross-section of the related art showing in a P+ substrate 12 an OCD NMOS transistor A 
with N+ source 14a, drain 16a, a gate 18a, and a P+ type diffusion 20a. The source 14a, 
the gate 18a, and P+ substrate 12 (via P+ type diffusion 20a) are shown tied to ground 
(GND). An ESD pulse V TLP at point P is shown discharging into drain 16a with current 
I TLP . An N-ESD implant 17, typically a blanket implant covering the entire active area 
(source 14a and drain 16a) of the transistor, is applied to make the junction more graded. 
Such a technique is known to improve the ESD performance of NMOS transistors by 
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reducing the current density in graded junctions and thus improving the value of It2 
(second breakdown current). Unfortunately, such a solution does nothing to decrease the 
avalanche voltage (Vt1) of the transistor, thus making multifinger turn-on very difficult, as 
4 illustrated in FIG. 1 b where the current I TLP is graphed against the voltage V TLP . In this 
and subsequent graphs, subscript 'tr indicates the avalanche point indicated by Point A, 
subscript 'sp' indicates the point of snapback indicated by Point SP, and subscript 12' 
indicates the second breakdown voltage point indicated by Point B. 

8 Another approach used is depicted in FIG. 2a. Here the gate G of MOSFET 

transistor N is coupled to the drain D through the RC network (of capacitor C and resistor 
R) such that part of the ESD voltage is coupled to the gate G to turn on the channel of the 
MOSFET transistor N. An ESD pulse V TLP at Point P is shown discharging into drain D. 

12 This approach, although efficient in reducing the Vt1 of the transistor N, requires additional 
chip area for the resistor R because it is typically very large. Furthermore, It2 is known to 
decrease with gate voltage, so the amount of coupling required needs to be accurately 
known to get good ESD performance of such an arrangement. FIG. 2b depicts the graph 

16 of such an arrangement, where the current I TLP is graphed against the voltage V TLP . 
Points A and B depicts the same points as those of FIG. 1b. 

FIG. 3 shows the same NMOS OCD A as FIG. 1a but with a second NMOS OCD B 
comprising source 14b, drain 16b, and gate 18b. The second NMOS OCD B is arranged 
20 in a mirror image to the first NMOS OCD A and with a second P+ type diffusion 32 floating 
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in the middle of the N+ sources 14a, 14b. The intent of such a P+ diffusion is to increase 
the resistance the discharge current must travel to reach the ground potential (GND). This 
has the benefit of lowering the snapback voltage (Vsp) but has no effect in lowering Vt1 
4 (avalanche voltage). However, lowering the snapback voltage does help in lowering It2 as 
the power product at breakdown is generally lower. Also shown are parasitic transistors 
Q1, Q2, and P+ substrate bulk resistors Rsub2 and Rsub2. 



The inventions of the related art cited here do not decrease the avalanche 
8 breakdown voltage of the ESD devices without the use of additional circuit elements such 
as resistors. As a result, Vt2 (second breakdown voltage) of the ESD device is oftentimes 
lower than Vt1, resulting in the issue of multifinger turn-on. Furthermore, it is known that 
Vt1 is generally higher than the gate oxide breakdown voltage for submicron MOSFETSs 

12 and if nothing is done to reduce it will cause gate oxide damage even during the brief time 
for the transistor to turn on. Additionally, even if the gate oxide is not damaged it will 
cause significant hot carrier degradation, resulting in poor drive of the OCD as time goes 
on. The proposed invention is therefore a very desirable improvement in the field of ESD 

16 protection. 



U.S. Patents relating to the subject of the present invention are: 
U.S. Patent 6,521,946 (Mosher) describes a doped region under a drain for ESD 
protection. 
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U.S. Patent 6,365,932 (Kouno et al.) discloses a p-type base region in an N-well partly 

overlapping a deep N+ region. 
U.S. Patent 5,543,650 (Au et al.) shows an n-well with P+ implants for ESD protection. 

4 SUMMARY OF THE INVENTION 

It is an object of at least one embodiment of the present invention to provide a 
method and a device to improve the ESD protection of off-chip driver (OCD) NMOS 
transistors. 

8 It is another object of the present invention to lower the avalanche voltage of OCD 

NMOS transistors. 

It is yet another object of the present invention to reduce the breakdown voltage of 
the drain/substrate junction during an ESD event. 

12 It is still another object of the present invention to increase the junction area which 

participates in the avalanche breakdown. 

It is a further object of the present invention to have the P-ESD implant extend out 
of the N-well area to have it exposed to the P+ substrate for electrical connections. 
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These and many other objects have been achieved by an additional P-ESD implant 
between the N-well implant and the N+ drain region of the OCD NMOS transistor. The P- 
ESD implant will be dosed less than the N+ source/drain implants but higher than the N- 

4 well dose. In another embodiment of the invention, N-well doping is used in conjunction 
with the P-ESD doping, where the P-ESD doping is chosen such that it counterdopes the 
N-well underneath the N+ drain. P-ESD doping is done in such a way that the N-well 
underneath still maintains electrical connection to N+ drains over it. The P-ESD region is 

8 also electrically connected to the P+ substrate. This procedure creates a larger surface 
under the area where the junction breakdown occurs and an increased radius of curvature 
of the junction, and results in an enhanced electric field and a breakdown at lower voltage 
during an ESD event. The P-ESD implants are covered by N-type on three sides which 
12 creates more surface area for breakdown and better parasitic bipolar transistor character- 
istics. The total junction area for breakdown can be further increased by increasing the 
perimeter surface of the P-ESD implant. 



These and many other objects and advantages of the present invention will be 
16 readily apparent to one skilled in the art to which the invention pertains from a perusal of 
the claims, the appended drawings, and the following detailed description of the preferred 
embodiments. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1a is a cross-sectional view of an off-chip driver (OCD) of the related art. 

FIG. 1b is a graph of V TLP vs. I TLP of the OCD of FIG. 1a. 

FIG. 2a depicts an RC network used in another approach of the related art to 
reduce Vt1 . 

FIG. 2b is a graph of V TLP vs. I TLP which results from the use of the RC network of 
FIG. 2a. 

FIG. 3 is a cross-sectional view of another approach of the related art to an OCD. 

FIG. 4a is a cross-sectional view of FIG. 4b of an OCD of a first preferred 
embodiment of the present invention. 

FIG. 4b is a top view of a mask layout of both cross-sectional views FIG. 4a and 
FIG. 5b. 

FIG. 4c depicts a top view of a second preferred embodiment of a mask layout of 
an OCD of the present invention. 



CSM02-084 



FIG. 4d depicts a top view of a third preferred embodiment of a mask layout of an 
OCD of the present invention. 

FIG. 5a is a cross-sectional view of an OCD of the related art showing the N+ drain 
4 and breakdown areas. 

FIG. 5b is a cross-sectional view of the mask layout of FIG. 4b, showing N+ drains, 
P-ESD implants, the N-well, and additional breakdown areas. 

FIG. 5c is a cross-sectional view of the mask layouts of FIG. 4c and FIG. 4d, 
8 showing N+ drains, the P-ESD implant, and N-well. 

FIG. 5d is another cross-sectional view of the mask layout of FIG. 4d, showing N+ 
drains, the P-ESD implant, and N-well. 

FIG. 5e is a more detailed view of the cross-sectional view of FIG. 4a. 

12 FIG. 5f shows doping profiles through cross-section 5f-5f of FIG. 5e. 

FIG. 5g shows doping profiles through cross-section 5g-5g of FIG. 5e. 

FIG. 6 is a block diagram of the method of the invention. 



7 



CSM02-084 

Use of the same reference number in different figures indicates similar or like elements. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the accompanying drawings FIG. 4a-d, and FIG. 5b-d, there are 
4 shown embodiments of the invention. FIG. 4a is a first preferred embodiment of the 

invention and differs from FIG. 1a by having NMOS OCD A and NMOS OCD B arranged 
in a mirror symmetry around a vertical line through Point P. Like in FIG. 1a, an ESD pulse 
V TLP is applied at point P. The device described in this invention lowers the Vt1 of the 
8 transistor by implementing additional P-ESD implants 44a, 44b and N-well implants 46, 
46a below the N+ drain regions 16a, 16b of the N+ junction 42. The device can be 
implemented in a first and a second preferred embodiment. In the first preferred 
embodiment, P-ESD implants 44a, 44b are used underneath drains 16a, 16b, 
1 2 respectively. This arrangement will reduce the breakdown voltage of the drain/substrate 
(16a/12, 16b/12) junction. The P-ESD implant dose should be less than the N+ 
source/drain conditions, but higher than the N-well 46, 46a dose for the process. Note 
that: 

1 6 Doping of N+ S/D » Doping of P-ESD » Doping of N-well » Doping of P+ substrate 
(~10 15 cm" 2 ) (10 14 cm" 2 ) (10 12 -10 13 cm" 2 ) 

The arrangement of providing P-ESD implants 44a, 44b for drain regions 16a, 16b is 
called a complementary dual drain implant. 
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In a second preferred embodiment of the invention shown in FIG. 5b as a cross- 
section and using the same mask layout as FIG. 4b, N-well 46, 46a doping is used in 
conjunction with P-ESD 44a, 44b doping. P-ESD doping is chosen in such a way so that it 
4 counterdopes the N-well 46, 46a underneath the N+ drains 16a, 16b. However, N-well 46 
still maintains electrical connection to N+ drains 16a, 16b through the middle section 46a. 
As a result of such doping, the surface under the drains 16a, 16b, where the junction 
breakdown occurs, is larger and also the radius of curvature of the junction is much larger, 
8 resulting in an enhanced electric field and breakdown at a lower voltage during an ESD 
event. The P-ESD implants 44a, 44b are required to extend out of the N-well 46 area, so 
that they are covered by the N-type counterdope 54a, 54b on three sides but exposed to 
the P+ substrate 12 for electrical connections. This arrangement of N-type counterdope 

12 54a, 54b on three sides results in more surface area for breakdown and better parasitic 
bipolar characteristics, since the average parasitic transistor base width is smaller 
because the avalanche area is folded towards the gates 18a, 18b as opposed to FIG. 1a. 
The total junction area for breakdown can be increased by a combination of layouts as 

16 illustrated in FIGs. 4b-d. As illustrated in FIG. 5b, the junction area which participates in 
the avalanche breakdown is larger with additional junction areas 54a, 54b created by the 
P-ESD implants 44a, 44b and the N-well 46. In FIG. 5a only the sidewalls 52a, 52b of the 
N+ junction 42 participates in the junction breakdown. As FIG. 5b illustrates, in addition to 

20 the sidewalls 52a, 52b, the participating areas further include the area between the bottom 
of the drains 1 6a, 1 6b of N+ junction 42 and the top of P-ESD implants 44a, 44b, the N- 
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well 46 sidewalls underneath the N+ junction 42, and the N-well 46 areas underneath the 
P-ESD implants 44a, 44b. 

FIG. 4b is a top view of FIG. 4a, where the same reference symbols indicate the 
same elements. By way of example only, six connections from point P to the N+ junction 
42 are shown. FIGs. 4b, 4c, and 4d have exactly the same length of drain N+ junction. 
What is modified is the location of the N-well 46 and P-ESD implants 44a, 44b (labeled 48 
in FIG. 4c and 4d) with the following restraints: 

1) the P-ESD must maintain electrical contact with the P substrate. 

2) the N-well must be electrically connected to the N+ drains. 

3) the P-ESD must be interposed between the N+ drains and the N-well underneath 

it while leaving intact in some places a connection between the N+ drains 
and the N-well. 

4) the perimeter surface of the P-ESD area between the N+ drains and the N-well 

must be maximized as much as possible. 
FIGs. 4b, 4c, and 4d all achieve this. Thus, the N+ area is exactly the same in FIGs. 4b, 
4c, and 4d. In FIG. 4b, P-ESD has sections 44a and 44b to either side of the central N- 
well 46, 46a (in agreement with cross-section FIG. 4a). FIG. 4c shows a third preferred 
embodiment of the present invention, where P-ESD 48 is surrounded by N-well 46 and N+ 
junction 42 on all sides, while making connections to P+ substrate 12 at the top and 
bottom edges, see arrows A and B of FIG. 4c. FIG. 5c, the cross-section of FIG. 4c, 
shows the sides and bottom of P-ESD 48 surrounded by N-well 46.. FIG. 4d is a fourth 
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preferred embodiment of the present invention and based on the third preferred 
embodiment, where a plurality of projections of P-ESD 48 increase the surface area for 
improved avalanche breakdown. Note that cross-section 5c- 5c shows P-ESD 48 
embedded in N-well 46, while cross-section 5d-5d shows P-ESD 48 projecting beyond N- 
well 46 into P+ substrate 12 and in contact with drains 16a, 16b above. As in the other 
figures, the same numerals/arrows in FIG. 4c and 4d indicate similar or like elements. By 
way of example only, three connections from point P to the N+ diffusion 42 are shown. 
See FIGs. 5c and 5d, the cross-sections 5c- 5c, 5d-5d of FIG. 4d for details of the 
variation in the profile of 48. 

FIG. 5e is a more detailed view of FIG. 4a with cross-sections 5f and 5g. FIG. 5f 
shows the doping profile along cross-section 5f-5f, where Curves 5f1, 5f2, and 5f3 show 
the doping profiles of the N+ drain sections 16a-b, 42, the P-ESD 44a-b, and N-well 46, 
46a, respectively, as a function of the depth of P+ substrate 12. FIG. 5g shows the doping 
profile along cross-section 5g-5g, where Curves 5g1 and 5g3 show the doping profiles of 
the N+ drain sections 16a-b, 42 and N-well 46, 46a, respectively, as a function of the 
depth of P+ substrate 12. 

Block diagram FIG. 6 describes the preferred method of providing ESD protection 
with complementary dual drain implants: 
BLOCK 1 creates an N-well in a P-substrate. 
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BLOCK 2 creates an N+ drain region on top of the N-well, such that the N+ drain region 

projects into the P-substrate. 
In BLOCK 3 a P-ESD implant is created between the N+ drain region and the N-well, such 

that the N-well still maintains electrical contact with the N+ drain region. 
BLOCK 4 provides an implant dosage for the P-ESD region less than the implant dosage 

of the drains but higher than the implant dosage for the N-well. 
In BLOCK 5 an implant dosage for the P-ESD implants is chosen to counterdope the N- 

well underneath the N+ drain region. 
BLOCK 6 provides for electrical contact between the P-ESD region and the P-substrate. 
The P-ESD implant of BLOCK 3 will require a separate masking layer which replaces the 
traditional ESD implant step. 

While the invention has been particularly shown and described with reference to the 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made without departing from the spirit and scope of 
the invention. 

What is claimed is: 
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